Cancer patients bring with them physiological and psychological side effects and physical activity is emerging as a major tool to improve their quality of life and survival. Therefore, the purpose of this study was to investigate the effect of 8-week multilateral training program on perceived fatigue, lower back flexibility, balance and task specific functional mobility in cancer patients. Twenty participants (52.6±17.1 years) were pair-matched based on age and then randomly assigned to an experimental group (n=10) that performed a progressive training of cardiorespiratory, resistance, flexibility and postural education exercises (~60min, 2d·wk-1), or a wait-list control group (n=10). Measures pre-intervention and post-intervention included psychological and physiological measurements. After intervention, significant improvements (p < 0.01) were detected in experimental group for the perceived fatigue, trunk lateral flexibility test (right and left sides), stork balance stand test (right and left sides) and 30 seconds chair stand test. Findings suggest that multilateral training program may improve the physical fitness and reduce perceived fatigue in cancer patients providing an important support to deal with physiological and psychological side effects. In addition, this multilateral approach may actually prevent physical inactivity, muscle wasting, and loss of energy in special populations.
INTRODUCTION
Physical activity has been demonstrated to play a preventive role in terms of the risk of developing cancer (Friedenreich & Orenstein, 2002; Willer, 2003) and it is also emerging as a major tool to improve the quality of life and survival of patients with cancer (Jacobs, 2017) . Data show that higher levels of physical activity are associated with lower overall cancer mortality (Moore et al., 2016; Thompson, 1994) . Cancer patients and survivors, however, bring with them physiological and psychological side effects including muscular atrophy, weight changes, lowered aerobic capacity, decreased strength and flexibility, nausea, fatigue, depression, and an overall decrease in the quality of life (Courneya & Friedenreich, 1997; Graydon, 1994; Lucía, Earnest, & Pérez, 2003; Miller et al., 2016) .
Cancer-related fatigue is the most common side effect of cancer and cancer treatment (Dimeo, 2001; Lucía et al., 2003) . In addition, the sedentary habits usually recommended by the biomedical staff and the family to protect the patient may lead to the development of the self-perpetuating fatigue cycle, which promotes muscular catabolism and chronic fatigue (Dimeo, 2001; Lucía et al., 2003) . Physical training breaks this downward cycle and diminishes cancer-related fatigue (Lucía et al., 2003) . Indeed, studies demonstrated that exercise both during and after treatment is an effective tool to improve functional capacity, strength, functional mobility, fatigue, psychological well-being and health-related quality of life in cancer patients and survivors (Cramp & Byron-Daniel, 2012; Dash et al., 2016; Hojan et al., 2016; Van Vulpen et al., 2016) .
Benefits of resistance training and combined aerobic and resistance training in cancer patients and survivors are known: they result improvements in many areas including functional mobility (Blair et al., 2014; Herrero et al., 2006) , flexibility (Cheema & Gaul, 2006; Kolden et al., 2002) and fatigue (Dimeo, Schwartz, Wesel, Voigt, & Thiel, 2008; Travier et al., 2015) , which were also analysed in present study. Nevertheless, the benefits of physical training may vary according to the type of cancer and treatment, the stage of disease; the mode, intensity, and duration of the exercise program, and the current lifestyle of the patient (Knols, Aaronson, Uebelhart, Fransen, & Aufdemkampe, 2005) . For this reason, we designed an intervention study to examine the effects of the manipulation of specific training variables, because few longitudinal studies analysed this topic Dimeo, Rumberger, & Keul, 1998; Durak & Lilly, 1998; McKenzie & Kalda, 2003; Segal et al., 2003) .
Therefore, the purpose of this study was to investigate the effects of an 8-week multilateral training program on perceived fatigue, lower back flexibility, balance and task specific functional mobility in cancer patients. We hypothesized that physical and psychological fitness would enhance with multilateral intervention.
MATERIALS AND METHODS

Participants
This study utilized a randomized and controlled pretest-posttest research design, in order to collect data before and again following the eight-week treatment and compare the difference between groups. Before entering the study, informed consent was obtained from each participant. This study did not involve human individuals from a clinical or therapeutic point of view. A human sample was used, without medical contraindications, to examine only the influence of physical exercise as an educational means to improve lifestyles and self-efficacy. The procedures followed were in accordance with the ethical standards of the responsible institutional committee on human experimentation and with the Helsinki Declaration.
S918 | 2019 | Proc4 | VOLUME 14 © 2019 University of Alicante A preliminary screening for participants selection was performed in the medical database of the Oncology Department, Haematology Unit, "Giovanni Paolo II" of Bari (Italy). Patients were contacted by telephone (February 2019) and a preliminary medical examination and the completion of a lifestyle history questionnaire were performed prior to the star of the study (March 2019) . After the corresponding oncologist provided consent, patients were deemed eligible for the study if they did not present the following contraindications to physical exercise for patients with cancer (Ehrman, Gordon, Visich, & Keteyian, 2019) : 1) Hemoglobin <10.0 g dL −1 ; 2) White blood cells <3000/mL; 3) Neutrophil count <0.5 10 9 mL −1 ; 4) Platelet count <50 10 9 mL −1 ; 5) Fever >38 °C; 6) Unsteady gait (ataxia); 7) Cachexia or loss of >35% of premorbid weight; 8) Limiting dyspnea with exertion; 9) Bone pain; 10) Severe nausea; 11) Extensive skeletal metastases.
Twenty participants that met all the above-mentioned eligibility criteria were pair-matched based on age and then randomly assigned to an experimental group (n = 10; mean age, 53.3 ± 19.2 years; body mass, 63.3 ± 12.8 kg; height, 1.62 ± 0.1 m) that performed a progressive multilateral training or a wait-list control group (n = 10; mean age, 52.0 ± 15.7 years; body mass, 60.9 ± 10.3 kg; height, 1.64 ± 0.1 m). Patients were diagnosed the following cancer types: breast cancer (n = 3), Hodgkin's lymphoma (n = 6), Non-Hodgkin's lymphoma (n = 8), multiple myeloma (n = 1), colon cancer (n = 1), and polycythemia vera (n = 1). At the start of the study, almost all patients (n=18) were on therapy. The study was carried out between the months of March and May 2019.
Testing procedures
Groups assessments were made at baseline (pre-test) and repeated after 8 weeks (post-test). The following measures were collected: (1) cancer-related fatigue (0-10 subjective rating scale), (2) lower back flexibility (trunk lateral flexibility test), (3) static balance (stork balance stand test), and (4) functional performance (30second chair stand test). All participants were tested in a gym located inside the Oncological Institute. One week before pre-test, two familiarizations sessions were held. Initial and final test measurements were made at the same time of day and under the same experimental conditions. All measurements were performed and supervised by the same exercise professionals, that is Adapted Physical Education Specialists.
Cancer-related fatigue subjective rating
Fatigue is a symptom affected by multiple biological and psychosocial factors. When assessing cancerrelated fatigue, therefore, we need to include both subjective and objective data. To assess cancer-related fatigue, the subjects were asked two questions (Portenoy & Itri, 1999) to help assess the severity of fatigue and its effect over time: 1) are you experiencing any fatigue? 2) If so, how severe has it been, on average, during the past week? (If fatigue is present a simple 0-10 rating scale can be used, that is, 0-3 is mild fatigue, 4-6 moderate, and 7-10 severe). All patients had been familiarized with this scale prior to the commencement of the study and followed standardized instructions for rating perceived exertion. Scores was collected and recorded before and after the eight-week intervention period.
Trunk lateral flexibility test
Trunk flexibility is important in the ability to carry out activities of daily living. Estimates of trunk flexibility frequently affect diagnostic, prognostic, and therapeutic decisions for a variety of health disorders (ACSM, 2018). Each participant was measured for trunk lateral range of motion using a tape measure. The same tape measurement procedure has been reported previously and has high levels of reliability with repeated measures (ICC = 0.98) (Frost, Stuckey, Smalley, & Dorman, 1982) . Subjects first underwent a 15-second static stretch in the lateral trunk motion and then were tested. Subjects stood on the floor with arms in the neutral position, heels together, knees and back straight. Then they bent toward the right/left with elbow and fingers straight and attached hand on their lateral side of leg. The distance (cm) between the tip of third finger VOLUME 14 | Proc4 | 2019 | S919 and the floor was measured three times and the lower measure was used in the analyses. The test-retest reliability reported a high reliability for this test (ICC = 0.95).
Stork balance stand test
This test evaluates postural static balance (McCurdy & Langford, 2006) . Subject were tested on the dominant and non-dominant leg. The participants were instructed to lift and hold the contralateral leg against the medial side of the knee of the stance leg while keeping his hands on the iliac crests. The trial ended when the heel of the involved leg touched the floor, the hands came off the hips, or the opposite foot was removed from the stance leg. This test was conducted with eyes opened only. The subjects performed three attempts and the best time (sec.) was recorded for analysis. High test-retest reliability has been reported for this test with an intraclass correlation coefficient (ICC) of 0.92.
30-second chair stand test
This test is one of the most important functional evaluation clinical tests because it measures lower body strength and relates it to the most demanding daily life activities (e.g., climbing stairs, getting out of a chair or bathtub or rising from a horizontal position) (Macfarlane, Chou, Cheng, & Chi, 2006) . It is also able to assess functional fitness levels (Wong & Cheung, 2005) and the fatigue effect caused by the number of sitto-stand repetitions. It consists of standing up and sitting down from a chair as many times as possible (n) within 30 seconds. A standard chair (with a seat height of 40 cm) without a backrest but with armrests was used. Initially, subjects were seated on the chair with their back in an upright position. They were instructed to look straight forward and to rise after the "1, 2, 3, go" command at their own preferred speed with their arms folded across their chest. All trials were performed using the same chair and with similar ambient conditions.
Multilateral intervention program
Currently there is no evidence supporting a different training response to exercise in the patient with cancer from that in the general adult population. Accordingly, in present study the American College of Sports Medicine guidelines for cancer survivors were followed (Schmitz et al., 2010) . All sessions were conducted under direct supervision of exercise professionals, specialists in Adapted Physical Education, to ensure safety, proper intensity, and appropriate exercise technique (Greco, Settimo & Fischetti, 2018) . Additionally, the mode, frequency, intensity, duration, and progression in an individual exercise log were recorded to ensure adequate training. The 8-week study period followed the initial data collection, with the experimental group that performed an intervention program consisting of twice-per-week exercise sessions lasting 60 minutes each. Every single exercise session was divided into a 10-min warm-up (i.e., postural education exercises and stretching of all major muscle groups), a 40-min main exercise period (i.e., aerobic exercise, resistance training), and a 10-min cooldown period (i.e., stretching again and/or postural education exercises).
During the main exercise period, cardiorespiratory training consisted of progressive 30-min of walking and stationary bike at an intensity that ranged from 40% to 80% of heart rate reserve. Heart rate was monitored by the subjects and the exercise professionals during training using a Polar heart rate monitor (Target model, Kempele, Finland). The duration of the aerobic exercise was initially 16 min and was divided equally among the two exercise modalities in a rotational order. Based on the recommendations in the literature (Jacobs, 2017; Schmitz et al., 2010) , the aerobic-exercise period was increased by 2 min a week, such that it was 30 min during week 8. S920 | 2019 | Proc4 | VOLUME 14 © 2019 University of Alicante Resistance training consisted of 10-min of exercises with free weights and/or resistance bands, at an intensity ranging from 50% to 70% of 1RM for lifts involving the lower body and from 40% to 70% of 1RM for lifts involving the upper body. 8-10 exercises for major muscle groups, 1 or 2 sets of 8 to 12 reps, and a rest 1-3 min between exercises and sets, were performed with a gradual increase in resistance (1-2 kg) following two consecutive symptom-free sessions.
Flexibility was trained before and after main period by stretching exercises performed maximally on all major muscle groups (1-3 sets per muscle group) but avoiding pain, especially in joints. Duration was gradual from 10 to 30 s per stretch, repeating one to three times for a total of 60 s per stretch. Following approval from surgeon, special attention was given to shoulder mobility stretches in breast cancer survivors.
Postural education exercises were carried out both in the warm-up and cooldown period, and consisted of breathing, proprioception and balance exercises. In some sessions a Pilates mat workout has also been integrated.
Finally, the exercise program focused on physical activities that use large muscle groups rather than small groups, since most daily living tasks depend on these large muscle groups. Session design and exercises were modified according to the acute or chronic treatment effects of surgery, chemo-therapy, or radiotherapy.
Statistical analyses
Normality of all parametric variables was tested using Shapiro-Wilk test procedure. A multivariate analysis of variance (MANOVA) was used to detect differences between the study groups in all baseline variables. Training-related effects were assessed by 2-way analyses of variance (ANOVA) with repeated measures (group x time). When 'Time x Group' interactions reached the level of significance, group-specific post hoc tests (i.e., paired t-tests) were conducted to identify the significant comparisons.
Cohen's d effect size was calculated as post-training mean minus pre-training mean divided by pooled SD before and after training, and interpreted as small, moderate and large effects defined as 0.20, 0.50, and 0.80, respectively (Cohen, 1992) . The reliabilities of the physiological measures were assessed using the intraclass correlation coefficients; scores from 0.8 to 0.9 were considered as good, while values above > 0.9 were considered as high (Vincent & Weir, 2012) .
All analyses were conducted with SAS JMP® Statistics (Version <14.1>, SAS Institute Inc., Cary, NC, USA, 2018) and the data are presented as group mean values and standard deviations. An alpha level of p < 0.05 was considered statistically significant.
RESULTS
Adherence to training averaged 95.5 ± 2.3%. All participants completed the multilateral intervention and no major adverse effect and no major health problem were noted over the 8-week period. Both groups did not differ significantly at baseline in age, anthropometric characteristics, as well as in the dependent measures (p > 0.05). Changes and statistical data in the dependent variables over 8-week multilateral intervention program are reported in Table 1. VOLUME 14 | Proc4 | 2019 | S921 After 8 weeks, a 'Time x Group' interaction was observed for the cancer-related fatigue rating scale (p < 0.001). The experimental group showed decreased scores than control group with statistically significant within-group changes (p < 0.001; d = 1.22).
Over the 8-week intervention, group by time interactions were observed for all physical and functional fitness measures (p < 0.01). The experimental group showed highly significant improvements than control group with changes from pre-to post-intervention for trunk lateral flexibility test (Left side: p < 0.001, d = 1.44; Right side: p < 0.01, d = 1.55), stork balance stand test (Left leg: p < 0.001, d = 1.32; Right leg: p < 0.001, d = 1.18) and 30-second chair stand test (p < 0.001; d = 1.06).
DISCUSSION
In keeping with recent trends in exercise prescription to encourage even modest levels of physical activity for health benefits, this study evaluated the effect of combined aerobic, resistance and postural exercises. It has been found that 8-week of a physical exercise intervention program significantly improved the cancer-related fatigue, lower back flexibility, static balance and task specific functional mobility in cancer patients. This is in agree with several other studies that have shown the benefits of combined aerobic and resistance training in cancer patients and survivors, reporting improvements in functional fitness levels and psychological wellbeing (Blair et al., 2014; Cheema & Gaul, 2006; Courneya et al., 2007; Dimeo et al., 2008; Herrero et al., 2006; Kolden et al., 2002; Travier et al., 2015) .
There is a growing body of research demonstrating that physical exercise performed both during and after treatment is an effective tool to achieve health benefits in terms of functional performance, fatigue, psychological well-being, and health-related quality of life in cancer patients and survivors (Burnham & Wilcox, 2002; Cramp & Byron-Daniel, 2012; Dash et al., 2016; Dimeo et al., 1998; Hojan et al., 2016; Oldervoll, Kaasa, Knobel, & Loge, 2003; Van Vulpen et al., 2016) . However, the benefits of physical training may vary according to the type of cancer and treatment, and the current lifestyle of the patient (Knols et al., 2005) . In the present study, participants were affected by different types of cancer (breast cancer, Hodgkin's lymphoma, non-Hodgkin's lymphoma, multiple myeloma, colon cancer, and polycythemia vera) and all showed significant improvements in physiological measures. Multilateral training has once again demonstrated its effectiveness on physical and psychological fitness in the population (Fischetti, Cataldi, Di Terlizzi, & Greco, 2019; Fischetti & Greco, 2017; Fischetti, Latino . Participants improved balance and, consequently, they will have a lower risk of falls and fractures, as with greater strength in the legs they will be able to carry out the activities of daily life more easily without being overwhelmed by fatigue.
Cancer-related fatigue is the most common side effect of cancer treatment, and the sedentary habits usually recommended by the biomedical staff and the family to protect the patient may lead to higher level of catabolic processes at all levels (i.e., physical, emotional, social) (Dimeo, 2001; Lucía et al., 2003) . Our combined exercise program, made by exercise professionals, not only allowed to increase the functional and physical fitness levels of all cancer patients, increasing the fatigue resistance, but also reduced the subjective perception of perceived exertion. However, the combined results of increased lower body strength and endurance showed by the 30-second chair stand test could partially explain the reduced levels of perceived fatigue observed in the present study and in other study (Segal et al., 2003) . In any case, we have given cancer patients the opportunity to improve their quality of life, as also shown by previous studies (Cramp & Byron-Daniel, 2012; Dash et al., 2016; Hojan et al., 2016; Van Vulpen et al., 2016) , and we confirmed the physical exercise as a major prevention tool.
Accordingly, we can state that a few weeks of regular exercise might be sufficient to start helping patients and survivors cope with the anti-cancer treatment and its long lasting, deleterious side effects. However, most of these results could be the consequence of the high level of deconditioning of cancer patients, such that any small stimulus such as a short exercise program (i.e., eight weeks) may lead to the partial recovery of the patient's normal physiological and psychological characteristics. So, more work is needed to elucidate the long-term beneficial effects of combined exercise training in cancer patients.
Our study presents some limitations must be known. The small number of patients with different types of cancer did not allow to draw valid conclusions based on the results obtained. Furthermore, in this study it was not possible to follow the recommendations by ACSM (Schmitz et al., 2010) , that is ≥150 min/week of exercise at moderate intensity or ≥75 min/week of exercise at vigorous intensity due to organizational reasons. Nevertheless, by findings we may provide new indications on training loads for cancer patients.
CONCLUSIONS
To our knowledge, this study is the first investigation to attempt to identify the effects of combined aerobic, resistance and postural exercises on both physiological and psychological functioning in cancer patients. In particular, this study demonstrated the effectiveness of exercise on perceived cancer-related fatigue, confirming the physical exercise as a major cancer prevention tool. Furthermore, physical fitness and functional capacity were enhanced, providing an important support to cancer patients undergoing treatment. In this way, a multilateral approach could prevent and minimize physical inactivity, fatigue, muscle wasting, and loss of energy. For this reason, exercise professionals, specialists in Adapted Physical Education, need to be involved in the biomedical staff because they are the only ones able to manipulate the training variables like volume, intensity or load, duration of rest periods, frequency of training, and training velocity for the health and well-being benefit of the special populations.
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